Introduction
The recent growth of renewable energy sources, i.e. wind and solar sources, in electrical power systems is tremendous. Generation from renewable energy sources is mainly added to the power network in a decentralized fashion, and the availability of the generation depends on weather conditions. One of the most common renewable generation techniques is photovoltaic (solar) generation.
Regarding the challenges of integrating renewables in power grid, there has been an increasing interest to study and analyze the behavior and performance of power systems with renewable generations. The proposed methods and algorithms require to be tested by means of simulating appropriate case studies. The purpose of this document is to present a case study of distribution power systems composed of a single-phase distribution bus, solar (PV) inverters and daily load profiles based on real and actual data.
The distribution system is modeled as a modified IEEE 37 bus for which the modified data for single-phase analysis are provided. Moreover, a simplified model for PV inverter is used to obtain desired active and reactive output power given the weather condition, e.g. temperature and solar radiation. The modeling and data are based on [6] .
This document is organized as follows. Section 2 presents the data for a modified single-phase distribution network based on IEEE 37 benchmark model. Section 3 gives the load profile for active and reactive power based on the daily use of an average Dutch household. The model and data for the simplified PV inverter is given in Section 4. The note is concluded in Section 5. We take an IEEE 37 bus [3] to model the distribution system. The IEEE 37 bus is a three-phase, unbalanced medium voltage (4.8 kV) network. However, many analytical problems assume a three-phase balanced network that allows to equivalently consider a single-phase network in the analysis. Here, we briefly present the steps to obtain a single-phase network based on IEEE 37 and provide the data for the single-phase bus. We modify the line data (series impedances and suceptances) using the symmetrical components method [5] in order to obtain a three-phase balanced network in two steps. First, the lines are assumed to be transposed [5] . Next, the sequence impedance matrix is calculated (see [5] for detailed explanations). Section 2.1 presents the bus configuration ( Figure 1 ) and the modified line parameters for the single-phase analysis of this distribution bus.
2.1 Modified IEEE 37 bus: Phase series impedance and shunt susceptance matrices
Here we present the data for a modified three-phase balanced network based on IEEE 37-bus (see [3] for the original data) based on [6] . Figure 1 shows the configuration of the bus. We assume that the transformer between busbars 709 and 775 is a one-to-one transformer.
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Loads
Loads are modeled as hourly constant P and Q (active and reactive power).
We adopt the profile of the loads during a day in the month June from [7] as shown in Figure 2 . This profile represents the active power consumption of an average Dutch household. Since IEEE 37 bus is a medium voltage bus, we multiply the load profile of one household by 20 in order to have the magnitude of the net active power load for each busbar in the same order as the IEEE 37 bus. Furthermore, we take the reactive power load as 50% of the active power load, similar to the IEEE 37 data. 
PV inverter: model and data
We model each photovoltaic panel with inverter as a simplified circuit shown in Figure 3 where the magnitude of current i pv depends on the environmental parameters, e.g. temperature and radiation, determined by a photovoltaic cell [8] as shown in Figure 4 . The latter is composed of a current source in parallel with a diode, a shunt resistance and a series resistance. The DC current from the PV array (in Figure 4) is calculated by the following equation [8] 
where, I is the PV-array output current, V is the array output voltage, I pv,cell is the generated current from solar irradiance per cell, I 0 is the reverse saturation current, V T is the thermal voltage, a is the diode constant, N p is the number of PV-cells in parallel in the array, R p is the parallel resistance, and R s is the series resistance. The intensity and spectral distribution of the solar radiation depend on the geographic position, time, day of the year, climate conditions, composition of the atmosphere, altitude, and many other factors [8] . Due to the factors that influence the solar radiation, the AM1.5 spectral distributions are only average estimates that serve as references for the evaluation and comparison of PV devices. The AM1.5 distributions are used as standards in the PV industry. Datasheets generally bring information about the characteristics and performance of PV devices with respect to the so-called standard test condition (STC), which means an irradiation of 1000 W/m 2 with an AM1.5 spectrum at 25
IV. MODELING OF PV DEVICES
A. Ideal PV Cell Fig. 4 shows the equivalent circuit of the ideal PV cell. The Furthermore We calculate the current from the above formula [6] and the parameters for a KC200GT Solar Array [8, 4] (as in Figure 5 ) with N s = 54 and N p = 1. We can now compute the I-V curve (e.g. Figure 6 ) and determine the values for The data from the last three years (2013, 2014, and 2015) is used in order to calculate an average day over all days from all three years for the month June. Figure 7 shows the solar irradiation and temperature for an average day in June based on the data from [1].
Control of inverter power
Considering the simplified model, the DC current from the PV-arrays is converted to an AC signal given by
where ω is the nominal grid frequency, φ is the angle phase and |i pv | = nI with n the number of arrays at the inverter and I is the output current of one array. We assume that φ (e.g. by a PI controller) and the current size |i pv | (e.g. with a proportional controller) are controlled in order to track the desired optimum power values P * and Q * . Moreover, since IEEE 37 nodal voltages are in the MV (medium voltage) range and the PV panels 
Considering the transformer between MV and LV, we obtain
where I L is the size of the current i L (t) through the inductor L. For the simplified circuit of the inverter, we have
Now, knowing I * L and φ * L , the variables |i pv | * , φ * and their relevant control gain can be computed.
Conclusions
This document has presented the data for a single-phase distribution bus (based on IEEE 37 bus) together with the model and data for a PV inverter and active and reactive power loads.
